Six hornblendes and their host amphibolites collected from an outcrop in the Hitachi district were studied chemically. The metamorphic grade of the host rocks corresponds to the higher temperature part of the epidote amphibolite facies. There is no regular relation between the alkali contents in the hornblendes and their host rocks. With increasing Ca/(Ca+Na) ratio of the host rock, this ratio of the hornblende remains nearly constant, although anorthite molecule in the coexisting plagioclase increases. Thus, the variation of Ca/(Ca+Na) ratio of the host rock is mainly reflected on the composition of the plagioclase, but not on that of hornblende.
INTRODUCTION
The metamorphic terrains of the Abu kuma plateau are divided into a main part which is called the central Abukuma plateau and the Hitachi district in the southernmost part. In the central Abukuma plateau, Miyashiro (1958) and Shido (1958) studied the metamorphic rocks in detail. Petrologic studies on the metamorphic rocks of the Hitachi district were carried out by Kuroda (1959) and Tagiri (1971) . The metamorphic rocks of the Hitachi district are different from those of the central Abukuma plateau; that is, the assemblage sodic plagioclase (<An30)-epidote-common hornblende is well developed in the former (Kuroda, 1959; Tagiri, 1971) , whereas this critical assembl age of the epidote amphibolite facies is prac tically lacking in the latter (Miyashiro, 1958; Shido, 1958) . Based on the classification of mineral facies series in regional metamorphi sm proposed by Miyashiro (1971) , the Hitachi metamorphism is regarded as interme diate between the andalusite-sillimanite and kyanite-sillimanite types or as the low pres sure intermediate group, while the central Abukuma metamorphism is characterized by the andalusite-sillimanite type or relati vely high temperature and low pressure type (Tagiri, 1971) .
Many investigators have discussed the relationship between the change of composi tional range of calciferous amphiboles and the increasing grade of metamorphism. In this discussion the effect of bulk composi tion to the chemistry of hornblende should be taken into consideration. It is well known that calciferous amphibole is not hornblende, but tremolite-actinolite is pro duced by the amphibolite facies metamor phism in the rocks of appropriate composi tion, e.g. metamorphosed ultramafics and impure limestones.
In this paper the chemistry of the horn blendes and their respective amphibolites collected from an out crop in the Hitachi (Manuscript received, May 17, 1972) (Miyashiro, 1958; Shido, 1958) . Cummingtonite is found mostly in the marginal part of the hornblende crystals, and rarely as independent grains. The boundary between hornblende and cumm ingtonite is discrete, with Becke line. The exsolution lamellae of cummingtonite in hornblende and those of hornblende in cum mingtonite are not microscopically observed. Table  1 Quartz +4SiO2 But the hornblendes under consideration do not clearly show such a tendency. Namely, the contents of alkalis in the horn blendes from quartz-free rocks (HT-338 and HT-341) are less than those in other hornblendes associated with quartz. For example, in the hornblende, HT-341H, which is found in the most basic rock, has very low alkali contents; i.e., Na2O and K2O are 1.25 and 0.18 weight per cent, respecti vely (complete analysis has not been carried out). Probably the above mentioned two reactions have progressed incompletely in the present district. It is also noteworthy that Ca decreases from 1.90 to 1.65 with decreasing Mg/(Mg+ Fe+2+Mn) ratio. As the causes for the decrease of Ca in hornblende, the cumming tonite (NaAl_??_CaMg), glaucophane-rie beckite (NaAl or NaFe+3_??_CaMg) and rich terite (Na_??_Ca) substitutions can be con sidered. Considering first cummingtonite substitution, we can not find clearly any correlation between Ca and (Mg+Fe+2+Mn) or between Ca and Mg/Fe+2 ratios. This substitution, therefore, is not so important for lowering Ca in these hornblendes. Next, alkalis are not well correlative to AlVI, but tend to increase with increasing Fe+3 (Fig.  2) . Thus. it may be pointed out that the riebeckite substitution is more effective in these hornblendes. The estimation of the role of richterite substitution in hornblende is almost impossible at present. After the allotment of the atomic numbers calculated on anhydrous or hydrous basis to (Z), (Y, X), (W) and (A) of hornblende structural sites, the role of the richterite substitution may be estimated on the basis of distribu tion of the alkalis and other atoms, though just expediently. Besides the following relation would be considered.
Richterite mol. 2Na2CaMg5Si8O22(OH)2 Tschermakite mol. +Ca2Mgs(AlFe+3)2Si6Al2O22(OH)2 Edenite mol. =2NaCa2Mg5Si7AlO 22(OH)2 Glaucophane-riebeckite mol. +Na2Mg3(AlFe+3)2Si8O21(OH)2 No reliable method for the estimation of the role of richterite substitution has been established.
Taken as a whole, the positive correla tion between alkalis and Fe+3 in the horn blendes suggests a significant role of the from an outcrop in the Hitachi district 317 riebeckite substitution in these hornblendes. This substitution should also have a great effect on the decrease of Ca in them. The Fe+3/(Fe+2+Fe+3) ratio in these hornblendes varies in a wide range of 0.18 to 0.35 just like in their host rocks, although the samples were collected from an ex tremely narrow area. This may suggest the irregular distribution of the oxygen partial pressure within the rocks and the low mobility of oxygen during metamor phism. As the total volume of the solid phases on the left-hand side of the equation is smaller than that on the right-hand side, the occur rence of cummingtonite is favoured by lower rock pressures and higher temperatures. The analysed hornblendes from the meta morphic rocks belonging to the epidote amphibolite facies of the Hitachi district are more tschermakitic in composition than those from the metamorphic rocks cor responding to the lower temperature part of the amphibolite facies (zone B, Shido, 1958; Shido and Miyashiro, 1959) In both equations, the solid phases on the right-hand sides have slightly smaller total volumes than those of the left-hand sides. Thus, under higher rock pressures, these reactions go to the right, resulting in the formation of cummingtonite. Under the conditions of higher pressures and/or lower temperatures, these equations may be more effective than the equation (1). But these two reactions may be efficaceous only in restricted physical conditions of the same or nearly the same to the Hitachi metamor phism, because at much higher rock pres sures the assemblage anorthite-cumming tonite will be replaced by the assemblage involving garnet as suggested by Shido (1958) . Chemical compositions of chlorite and magnetite from HT-341 are shown in Table  5 . This chlorite is not oxidized and is termed orthochlorite. Since the (Fe+2+ Fe+3)/(Mg+Fe+2+Fe+3) ratio and Si atom calculated on the anhydrous basis of O=14 are 0.38 and 5.3, respectively, the mineral is defined as ripidolite (Deer et al., 1962) . The ratio TiO2:Fe2O3:FeO in the magnetite is 1.12:68.13:30.75 in weight per cent and 1.64:49.12:49.26 in molecular per cent.
THE RELATION BETWEEN CHEMICAL COMPOSITIONS ON HORNBLENDES AND THE HOST ROCKS
Since hornblendes can contain almost all rock-forming elements as the com ponents, their chemical composition is variable in a wide range, with extremely diverse isomorphous substitution. Since hornblendes, in nature, can be formed in metamorphic rocks of various compositions, it is not easy to analyse the relation in chemistry between the hornblendes and their host rocks. First the relatively minor components will be examined.
It is clear that TiO2 content in the hornblende is always lower than in the host rocks. So, these rocks must include one or more other minerals which are richer in TiO2 than coexisting hornblendes. As titanium bearing minerals, sphene and magnetite are present in these rocks, but the TiO2 content of magnetite in this metamorphic grade may not exceed greatly that of the coexist ing hornblende, judging from the composi tion of magnetite in HT-341.
As shown in Fig. 3 , the TiO2 contents in the hornblendes increase with increasing TiO2 contents of the host rocks, though always within the range less than 1 weight per cent TiO2 in the homblendes. The maximum solubility of TiO2 in hornblende is determined by the temperature-pressure condition of metamorphism. The HT -335H shows the highest content of TiO2 (0.98 weight per cent) among the analysed hornblendes. Its host rock has an excess TiO2 represented by the presence of sphene. Probably the maximum content of TiO2 in hornblende is about 1 weight per cent under this metamorphic grade.
The MnO content of the hornblende is always higher than that of its host rock (Fig. 3) . Although the K2O contents are quite small in these hornblendes and also in their host rocks, the correlation of K2O between them appears to be positive in the available data. There is no regular relation between Na or (Na+K) contents in the hornblendes and those in their host rocks (Fig. 4) 
PLAGIOCLASE-HORNBLENDE EQUILI BRIUM
The relation between the compositions of plagioclase and hornblende is a key to clarify the relation between the bulk compo sition of the rocks and hornblende chemistry. Leake (1965) , in his study on this relation, concluded that the Ca/(Ca+Na) and Al/Si ratios in both plagioclase and coexisting hornblende change systematically with increase in the grade of metamorphism, though the rock chemistry is also important. The rocks studied here were formed under nearly the same metamorphic grade and have plagioclases and hornblendes only as sodium-containing minerals. Therefore, the plagioclase-hornblende relation should be examined.
The Ca/(Ca+Na) ratio of the horn blendes is nearly constant with a very narrow range from 0.79 to 0.84, while this ratio of their host rocks varies from 0 .29 to 0.80, and that of plagioclases from 0.11 to 0.29. With increasing Ca/(Ca+Na) ratio of the host rock, therefore , anorthite molecule in the plagioclase increases but the ratio Ca/(Ca+Na) of the coexisting horn blende remains nearly constant (Fig. 7) . In other words, the Ca/(Ca+Na) ratio of the hornblendes do not vary significantly with the change of this ratio in the host rocks, whereas the ratio of the associated plagioclases varies sensitively within the limit determined by the physical conditions of metamorphism. The change of the anorthite content in plagioclase is ac companied by the change of the Al/Si ratio of the mineral. There seem to be no systematic variation in the Al/Si ratio among the hornblendes, plagioclases and their host rocks. The variation of Ca/(Ca+Na) ratio of the host rocks is, therefore, mainly reflected on the changing composition of the plagio clases, but not that of hornblendes.
The maximum Ca/(Ca+Na) ratio in both plagioclase and coexisting hornblende in metamorphic rocks would be determined by the metamorphic grade and may vary with increasing grade of metamorphism, but the variation of the ratio in each mineral may differ in different types of metamorphism. If this concept is true, the conclusion noted above may be not 
